A lthough inclusion of women in research studies has improved over the last 20 years, preclinical research is still primarily done using male animal models and malederived cells, with the result that many conclusions are made based on incomplete and sex-biased data. The National Institutes of Health (NIH) Office of Research in Women's Health now functions under a mandate calling for the systematic inclusion of both female and male cells, animals, and human subjects in all types of research, so that sex as a biological variable is considered in health and disease. Sex-specific data can improve disease prevention, diagnosis, and treatment as well as reduce inequities. Research to address the important goal of understanding key sex differences in cardiometabolic disease across the life span is lacking (Table 1) .
There are important, yet poorly studied, sex differences in cardiometabolic disease. To begin to address these sex differences, the Center for Women's Health Research at the University of Colorado held its inaugural National Conference, "Sex Differences Across the Lifespan: A Focus on Metabolism," in September 2016 (cwhr@ucdenver.edu). Based on the research presentations and discussions from that conference, the goal of this article is to discuss the current state of research addressing sex differences in cardiometabolic health across the life span, to outline critical research gaps that must be addressed in response to NIH mandates and, importantly, to develop strategies to address sex as a biological variable to understand disease mechanisms as well as develop diagnostic and therapeutic modalities.
The Urgency of the Burden of Cardiometabolic Disease in Women
Although cardiovascular disease (CVD) is the most prevalent cause of death in both men and women, much less is known about its effects in women than in men, and there are important differences being identified. In women, CVD is the leading cause of mortality and morbidity for US women; one in four US women die of CVD, which is twice as many as from all forms of cancer combined (1, 2) . In 2008, there were 9,127,416 CVD deaths in women worldwide, representing one-third of all deaths. The INTERHEART report indicates that 94% of the population-adjusted cardiovascular (CV) mortality in women is due to modifiable risk factors. In the United States, two of three women have at least one major coronary risk factor (3) . Overall mortality from CVD decreased from 1997 to 2013, but in women ages 35 to 54 years, mortality is increasing by 1% annually, an increase attributed to rising rates of obesity, diabetes, and sedentary lifestyle (4, 5) . Furthermore, CVD is becoming a major problem in other low-and middle-income countries, with a projected 120% increase in CV mortality in women living in the poorer countries between 1990 and 2020, compared with 29% in women living in wealthier countries. Globally, women are especially vulnerable as 60% of the world's poor and two-thirds of illiterate adults are women (www.who.int/pmnch/topics/maternal/ 2011_women_ncd_report.pdf). This document is not intended to be comprehensive with regard to all cardiometabolic issues affecting women's health and sex differences; rather, it will highlight key issues, discuss research gaps, and comment on research priorities.
Research is urgently needed to identify the mechanisms responsible for the above sex-specific increases in CVD risk and to develop therapies that are safe and effective in women. This research must take into account biological and behavioral factors that differ between women and men, including unique exposures in women across the life span from conception through aging. In the following sections, we elaborate upon the unique biological issues faced by women across the life span, as well as the sex differences in each phase of life.
Priorities in the Fundamental Research on Sex as a Biological Variable for Cardiometabolism

Energy balance
Evidence suggests estrogens regulate fat distribution (6) . Rodent studies specifically demonstrate that estrogen loss [ovariectomized (OVX), estrogen receptor a (ESR1 or ERa) Esr1 2/2 and GnRH agonist-treated mice] leads to decreased physical activity, increased adiposity, and decreased muscle mass, whereas estrogen replacement reverses these changes. In addition, in a high-fat diet model, estradiol had a beneficial impact to decrease visceral adipose tissue and increase brown adipose tissue (7) . Manipulation of ERa demonstrates that the impact of estradiol in diet-induced obesity is both central and peripheral (8) . Similarly, studies in humans during femalespecific age-related transitions demonstrate increased adiposity, with redistribution of fat to abdominal depots and increased incidence of metabolic dysfunction. The specific role of estrogen vs age in these transitions is being studied. Sex hormones regulate fat distribution in part by controlling lipid uptake and lipolysis in a sex-and depotspecific manner.
Sex chromosomes and adiposity
Employing a recently developed four-core genotype mouse modeling system, insights have been generated as to the contributions of genetic and hormonal mechanisms underlying sex differences in obesity (8, 9) . Regardless of XX or XY status, gonad-intact male mice have greater body weight than female mice; in addition, XX status is associated with an increased weight regardless of gonadal sex. In this same model, manipulation of sex hormones with gonadectomy indicates that XX status is associated with greater fat mass gain than XY status (9). The molecular contribution of the X chromosome to adiposity requires further study.
Sex hormone regulation of adipocyte precursors
The recent identification of distinct adipocyte subpopulations-specifically, their progenitor cells and developmental origins-opens the door to understanding the impact of sex hormones on regional adipocyte production. Gavin et al. (10) exploited fate-mapping strategies to show that a subpopulation of adipocytes is produced from bone marrow stem cells in mice. These marrow-derived adipocytes preferentially accumulate in adipose tissue of females rather than males and in abdominal rather than peripheral fat depots. Importantly, these cells exhibit a highly proinflammatory adipokine profile and, therefore, a potentially harmful phenotype. Marrow-derived adipocytes have been detected in humans, highlighting their clinical relevance. Klemm, Kohrt, and Gavin subsequently tested whether loss of ovarian hormone production in OVX mice would influence the production and distribution of marrow-derived adipocytes (D. J. Klemm, W. Kohrt, and K. Gavin, unpublished data, November 2017). The percentage of marrow-derived adipocytes was more than twofold higher in the abdominal fat of OVX mice compared with controls, but percentages in peripheral fat were only minimally increased. Replacement of estradiol, but not progesterone, reduced marrow-derived adipocyte production to levels below those measured in surgery-naive mice. Estradiol appeared to act through estrogen receptor a (ESR1 or ERa) as marrow-derived adipocyte production was stimulated in abdominal fat of female Esr2 knockout mice. The results demonstrate that loss of ovarian hormone signaling elicits preferential accumulation of marrow-derived adipocytes in abdominal adipose tissue. This process may explain in part the redistribution of fat and changes in adipose tissue function that contribute to chronic metabolic dysfunction at menopause.
Aging
Sex differences in human aging have been defined in a wide range of demographic and experimental studies, yet the molecular mechanisms underlying these differences remain poorly understood. In mouse strains, females do not always live longer than males; however, there are distinct differences in how females and males respond to interventions that extend life span (11) . For instance, reduced insulin-insulinlike growth factor signaling leads to greater life span extension in females than males (12) , whereas aspirin and other interventions thought to reduce inflammation have more pronounced effects in males (13) . Rapamycin, an inhibitor of the mTOR pathway, causes the most pronounced extension of mouse life span of any drug and mediates this effect in both sexes, although the extension is greater in females (14) . The mTOR protein kinase (in the TORC1 complex) phosphorylates substrates involved in control of cell growth, proliferation, and stress response pathways. With aging, two downstream substrates behave differently in males and females, and these differences may underlie the differential effects of other longevity drugs in females and males. To achieve the ultimate goal of preventing age-associated chronic disease states and maintain human function later in life, it is necessary to understand sex differences with respect to aging and longevity interventions.
Critical gaps and research priorities
• What are the mechanisms whereby sex hormones regulate body mass and how do they interact with diet and age? • What is the relative contribution of estrogen signaling in the brain vs the periphery on body weight regulation? • What are the molecular mechanisms whereby XX status contributes to increased fat mass? • What is the metabolic consequence of sex hormone regulation of bone marrow-derived adipocytes? • How can we extrapolate lessons learned regarding sex differences in aging in cell and animal models to human aging and disease?
Research Priorities for Cardiometabolic Risk with Pregnancy: Mother and Offspring
Fetal origins of adult disease comprise a compelling area of study that provides a rationale for addressing cardiometabolic disease across the life span, including pregestation. Pregnancy conditions also affect lifetime CV risk in the mother. Additional acquired sex differences in cardiometabolic function present across the life span (childhood, puberty, adulthood, menopause, and aging) and interact with environmental factors, disease, and metabolic stress (exercise, obesity, diabetes).
Preconception
Maternal and paternal fitness prior to conception affects offspring metabolic health. For example, Stanford et al. (15) have tested the impact of exercise (maternal, paternal, or both) upon offspring health outcomes in rats. Of particular note, maternal exercise before and during pregnancy significantly improved glucose tolerance and decreased insulin concentrations in offspring. There was an additive metabolic benefit for offspring if both parents underwent exercise training. Exercise specifically affected hepatic metabolism. Raipuria et al. (16) reported that maternal exercise appeared to decrease the metabolic risk induced by maternal obesity in rats, improving insulin/ glucose metabolism, with greater effects in male than female offspring [(15) (heart), (16) (skeletal muscle and fat)]. In humans, Tomić et al. (17) reported that maternal physical activity reduced gestational diabetes. This was in contrast to older reports that provided a cautionary or neutral message about maternal exercise in humans [ (18), (19) review].
Pregnancy
Pregnancy has a unique and substantial impact on the future health of both mother and baby across a wide range of conditions and risk factors. Common pregnancy complications such as gestational diabetes, hypertensive disorders of pregnancy, behavioral health challenges, and preterm birth all increase future risk for cardiometabolic and other disease in both mother and child.
Placental biology
The placenta controls gas and nutrient exchange, waste transfer from the fetus to the mother, and immune and endocrine support to the developing fetus. The molecular mechanisms underlying many of these functions are only beginning to be elucidated yet are central to our understanding of fetal development and pregnancy health and disease. One example of a critical placental function is defense against microbial infection, where the trophoblast, which is directly bathed in maternal blood, restricts the spread of pathogens into the fetal compartment. Sheridan et al. (20) recently found that cultured primary human trophoblast from term, healthy placentas are resistant to infection by diverse types of DNA and RNA viruses. Moreover, resistance to infection can be conferred to nonplacental cells by transferring trophoblast-conditioned medium to recipient cells [specifically microRNAs from the chromosome 19 micro-RNA cluster (C19MC)] (21). These findings suggest that trophoblast communicates protective molecular signals, which are packaged within exosomes that are released into the maternal circulation and, possibly, transmitted to the fetal compartment. Because dysfunctional or diseased placenta may adversely affect the health of the fetus and offspring after birth, this line of emerging research illuminating the role of the placenta beyond nutrient and waste transfer is important in understanding the long-term consequences of placental function on metabolic health.
Critical gaps and research priorities
• What is the impact of parental health behaviors on offspring metabolic health and is there a differential impact on female and male offspring?
• What are the mechanisms whereby maternal and paternal fitness and metabolic health prior to conception contribute to the metabolic phenotype of the offspring? • What are the mechanisms of pregnancy and early life critical periods for programming cardiometabolic disease susceptibility in women and their offspring? • How does the fetal sex influence maternal adaptation to pregnancy and placental function? • Are there sex differences in fetal response to placental dysfunction? • What are the mechanisms underlying the long-term effect of feto-placental injury? • What are the molecular mechanisms underlying placental cell defense?
Research Priorities Related to Cardiometabolic Disease in Pregnancy
Obesity in pregnancy Nearly two-thirds of American women of childbearing age are overweight or obese, and almost half these women, once pregnant, have excess gestational weight gain that contributes to their cardiometabolic risk, as well as that of the next generation (22) . For example, infants born to obese mothers have increased liver fat and are at higher risk of obesity, diabetes, nonalcoholic hepatic steatosis, and increased mortality due to CVD (23) . Research has not vigorously tested the impact of the sex of the offspring on these outcomes.
Preeclampsia and hypertensive diseases of pregnancy
Preeclampsia (PE) increases a twofold to fourfold risk for ischemic heart disease in women. Data regarding the impact of PE on offspring suggest an increased incidence of hypertension and QRISK (global lifetime risk for CVD) (24) . To date, PE is not included in CVD risk engines or routinely assessed in young adults at excess risk for hypertension. The mechanism whereby PE contributes to excess risk in mothers and offspring is unknown,
Gestational diabetes
Gestational diabetes confers a 7-to 12-fold increased risk for developing type 2 diabetes (T2D) in 5 to 10 years after delivery, whereas preeclampsia, preterm delivery, delivery of a small-for-gestational age neonate, and gestational diabetes are independently associated with a 50% to 300% increased risk for CVD (25, 26) . Postpartum weight retention exacerbates this risk; pregnancy weight retained beyond 6 to 12 months postpartum tends to be retained long term and is independently linked to future obesity, CVD, and T2D.
Intrauterine growth restriction
Intrauterine growth restriction in a sheep model system results in decreases in amino acid uptake rate, muscle myofiber area, and muscle mass (27) . However, the impact of this on future dysmetabolism is unclear. In this same model, there is hepatic insulin resistance and decreased b-cell mass (28) . This constellation of changes in organ development likely contributes to increased risk of diabetes in intrauterine growth restriction offspring. Of great interest, supplementation of amino acids in utero can reverse some of these effects (29) .
Reproductive immunology
Sex hormones have failed to fully explain the female predominance of autoimmunity. However, immunological changes that occur during and after pregnancy have durability across the life span and may play an important role in evolution of autoimmunity (30) . There is also growing awareness of accelerated CVD in women with some autoimmune diseases, an association that has also not been explained by sex hormones. Microchimerism is a phenomenon of pregnancy in which there is bidirectional transport between mother and fetus, including immune regulatory (Treg) cells (31) . The maternal and fetal microchimerism is widespread, and the cells lodge themselves throughout the body. The importance of microchimerism on autoimmune disease and the attendant CV risk is an emerging area of sex differences research.
Technology-driven interventions
Women of childbearing age are among the fastest growing users of technology, across race and socioeconomic class. The use of eHealth has advantages over traditional face-to-face lifestyle interventions, especially for the difficult-to-reach postpartum population, including allowing for real-time self-monitoring of diet and exercise, instant feedback, and wireless uploading of data. The flexibility of mHealth (mobile health technology), coupled with the pace of technological advancement, potentially allows for rapid refinement and optimization of interventions and the opportunity to scale interventions to reach a broad audience (32) .
Critical gaps and research priorities
• How does pregnancy affect maternal health and the health of offspring? • What is the impact of maternal obesity, gestational weight gain, and diet exposure on the development of the maternal and infant microbiome? • What are the CVD outcomes for women with a remote history of preeclampsia or hypertensive disorders of pregnancy?
• How does the fetus adapt to abnormal nutrient delivery (insufficient or excess), stress, blood flow, and environmental toxins and how do these adaptations affect later life metabolic processes and development of disease? • What are the immunological consequences of gravidity and parity for women's health? • What are the most efficacious technological advances that will help women of childbearing age to have healthy transitions after childbirth?
Emerging Research Gaps on Sex Differences in Cardiometabolic Health in Youth
Biology of sex differences in CV risk development in youth The rapidly increasing burden of noncommunicable chronic diseases in youth represents a global public health challenge. Particularly worrisome is the rapid increase in obesity and youth onset of T2D. Early obesity and metabolic syndrome point toward fetal origins and early life environmental exposures. A life span approach to health and disease incorporates the concept that there are critical periods of development during which environmental exposures, such as developmental overnutrition, undernutrition, or inadequate physical activity, have lasting effects on health.
Childhood development
Emerging evidence in stem cells derived from fetal samples (e.g., umbilical cord tissue, amniotic fluid) has documented fetal programming by maternal obesity that is remarkably consistent with observations in reported animal models of maternal obesity, including an inherent capacity for excess adipogenesis that is correlated with neonatal adiposity (33) (34) (35) . These studies with stem cells provide the opportunity to examine the cellular function contributing to risk for development of metabolic disease later in life. The cells can be obtained noninvasively and probed to determine aspects of metabolism attributable to fetal exposures and, furthermore, to understand whether infant sex affects the metabolic response to intrauterine stress or the predictive value of the mesenchymal stem cells for childhood metabolic health.
Adolescence and T2D
In the course of the SEARCH for Diabetes in Youth study, Dabelea et al. (36) examined prevalence of T2D for 2001 and 2009 among youth aged 10 to 19 years. Although rates of T2D in adult men and women were found to be similar, adolescent girls, for reasons that remain unclear, had a 60% higher prevalence rate than boys. The causes for this sex difference are not understood.
Critical gaps and research priorities
• What are the mechanisms responsible for the associations of maternal phenotype and behavior and childhood environment on risk for CVD in offspring? • Are there effective interventions directed at preventing the transgenerational cycle of obesity and diabetes? • Why are the rates for adolescent girls developing T2D higher than for adolescent boys? • Are there differences in the determinants of dysregulated metabolism and response to the environment in girls and boys?
Determinants of Sex Differences in Cardiometabolic Health in Adults
Sex and ethnicity In contrast to sex difference findings in adolescents with T2D, the prevalence of T2D in adults in the United States does not differ by sex, yet there is a sex difference in CVD outcomes among those with diabetes. Compared with men with diabetes, women with diabetes have a threefold greater coronary heart disease mortality risk (37, 38) . Women with diabetes also have poor survival after myocardial infarction compared with men (39) , and women with diabetes have a significantly greater risk of stroke than men with or without diabetes (40) . Although the prevalence of peripheral arterial disease in men vs women with diabetes is not firmly established, diabetes is a more significant risk factor for claudication in women compared with men, and women have increased postoperative mortality following revascularization (41, 42) . Furthermore, there is an understudied interplay between race/ethnicity and sex on differences in the prevalence of diabetes and its complications. The prevalence of diabetes is greater in race/ethnic minorities in the United Statesnon-Hispanic blacks (NHBs); Latinos of Puerto Rican, Mexican, and Central American descent; South Asians; and Alaska Natives/Pacific Islanders-compared with nonHispanic whites (NHWs) (43) . Minority women, especially NHBs and Mexican American women, have a higher prevalence of obesity than their male counterparts or NHW women, and there are race/ethnic differences in body fat distribution (43, 44) . Overall, the risk of CVD is lower in most minority populations (except Native Americans) compared with NHWs; however, CVD and poststroke mortality rates are higher in NHBs and Latinos, respectively, compared with NHWs (43) . Minority populations with diabetes are less physically active, have a higher risk factor burden, and have poorer access to health care compared with NHWs, which may explain their disproportionately adverse outcomes following a CVD event (43) . There is a critical need to identify where to focus prevention and intervention strategies to reduce these disparities (39) .
Sexual dimorphism in lipid metabolism
Studies with 3 H-and 14 C-labeled fatty acids indicated sex differences in adipose tissue and fatty acid metabolism in human subjects (45) . Specifically, (1) at any given body mass index, women have more adipose tissue than men; (2) differences in regional adipose tissue exist; (3) net fat gain is sexually dimorphic; (4) sex-specific differences exist in upper vs lower body fat distribution between women and men; and (5) women recycle free fatty acids better than men.
Diabetes
Women with both type 1 diabetes and T2D face an increased risk for CVD that is at least twofold to fourfold higher than the increase in CVD risk seen in men with diabetes (39) . Premenopausal women without diabetes are at a lower risk for CVD than men without diabetes of the same age, and much of this protection from CVD is thought to be due to the effects of estrogen, including receptor-mediated effects on lipid and glucose metabolism, endothelial function, and fat deposition. In contrast, premenopausal women, normally considered to be protected from CVD, appear to lack the cardioprotection if they have diabetes. Women generally have less ectopic fat deposition, more favorable lipid levels, and less insulin resistance than men. In type 1 diabetes, which is primarily diagnosed during the premenopausal years, women seem to lose the benefits of estrogen, as evidenced by a more androgenic pattern of fat deposition and reduced insulin sensitivity that does not differ from that in men with type 1 diabetes. The evidence that estrogen is involved in the sex difference in CVD risk with diabetes is further supported by the fact that other estrogen-related diseases, such as osteoporosis, are also disproportionately increased in women when they have diabetes.
Diabetes and exercise
Exercise is a cornerstone of treatment of T2D, yet most people with T2D are sedentary. Among other barriers, people with T2D have a reduced maximal and submaximal exercise capacity compared with individuals without diabetes, even in the absence of complications associated with T2D (46) . This results in greater effort during low-to moderate-intensity exercise and greater perception of difficulty among people with diabetes than for nondiabetic people. Exercise effort is important because higher effort levels during exercise predict lower adherence to regular physical activity (47) . The decrease in cardiorespiratory fitness in people with diabetes compared with individuals without diabetes is greater in women than men. Cardiac abnormalities, particularly an abnormally increased pulmonary capillary wedge pressure with exercise, play a role but cannot account for all of the exercise impairment (48) . Abnormalities in mitochondrial function and metabolism and oxygen delivery also likely play a role, and these questions are being investigated currently. Animal models of diabetes suggest that there is limited physiological adaptation to exercise training, that endothelial nitric oxide is unresponsive under diabetic conditions, and that this pathway can be targeted pharmacologically to restore the adaptive response to exercise training (49, 50) . Exercise training appears to benefit most people with diabetes, in terms of improved cardiorespiratory fitness, although this is not consistently reported, and sex differences in physiological adaptation to exercise training have not been determined. It is also unclear whether the influences of T2D on exercise effort are more or less pronounced at low, moderate, or vigorous intensities, respectively.
Transgender
The transgender community represents one of the most underserved and marginalized populations in health care. Because the chromosomal configuration [46 XY in males transitioning to females (transwomen) and 46 XX females transitioning to males (transmen)], remains unchanged (51), these individuals also provide a unique opportunity to determine which metabolic functions are determined by the prevailing milieu of sex steroids. Relevant to CVD risk, both transmales and transfemales exhibit a higher incidence of T2D than the general population (52) . Furthermore, data from a large gender identity study suggest that hormone therapy taken by transgender individuals is associated with a higher CV mortality rate among transwomen but not among transmen (52) . Despite receiving similar estrogen therapy, transwomen who elected orchiectomy had improved metabolic health compared with transwomen who retained their testes. Furthermore, data suggest that suppression of endogenous testosterone in transwomen appears to improve insulin sensitivity and reduce hepatic steatosis (53) .
Menopause
Estrogen appears to be cardioprotective until the time of menopause unless diabetes is present, after which protective effects are lost as estrogen deficiency develops. Premenopausal women store fat primarily in gluteofemoral depots, which are considered benign or metabolically beneficial, whereas men tend to store fat in abdominal depots that are linked to chronic disease.
Critical gaps and research priorities
• How are sex differences and race/ethnicity interrelated with CVD in diabetes and nonalcoholic fatty liver disease? What Are the Sex Differences That Affect Cardiac Function and Outcomes?
Cardiovascular metabolism
The heart is a metabolic omnivore that metabolizes a wide variety of substrates to generate the ;5 kg of adenosine triphosphate/d (or 2 metric tons/y) required for contraction, relaxation, and other processes. Myocardial metabolism is intimately related to cardiac energetics and function. The predominant fuels for the postnatal mammalian heart are fatty acids, although glucose, ketones, lactate, amino acids, and local glycogen and triglycerides may also be used. Different substrates have different advantages/disadvantages. For example, fatty acids generate more adenosine triphosphate/mole than glucose, but glucose is more oxygen efficient. Recent studies using positron emission tomography have shown that sex has a major, quantifiable impact on myocardial metabolism, especially in those with obesity or T2D. In a cross-sectional study of obese and nonobese subjects, female sex predicted higher oxygen consumption, fatty acid utilization and oxidation, and myocardial perfusion but lower glucose utilization, glucose utilization/ plasma insulin, and metabolic efficiency (54) . Sex also had an effect on myocardial metabolism in a study of obese subjects with and without T2D (55) . Female sex again was associated with higher myocardial oxygen consumption and blood flow. Interestingly, sex and T2D interacted in the prediction of plasma fatty acid concentrations, which necessarily influence myocardial metabolism. The women had higher myocardial fatty acid utilization and esterification rates and lower percent oxidation rates than men (55) . Last, sex affects the myocardial metabolic response to medications for T2D (56) .
Cardiovascular outcomes
Although there are substantial areas of overlap in CV outcomes between men and women, up to one-third of CVD presentations are sufficiently different between women and men so as to contribute to health disparitiesý, because male-pattern CVD is the standard for recognition and treatment (57) . Examples of CVD patterns that are more prevalent in women include myocardial infarction with no obstructive coronary artery disease, coronary microvascular dysfunction, and heart failure with preserved ejection fraction, all of which have been understudied (58) . Important steps include policy regarding study and trial design to include female-pattern CVD, as well as female-only studies as well as other trials to address the leading health care threat for 52% of the population.
Pregnancy-related cardiomyopathy
About 1 in 1000 pregnancies worldwide are complicated by the development of dilated cardiomyopathy around the peripartum period, known as peripartum cardiomyopathy (PPCM) (59) . The disease strikes otherwise healthy young women and often leads to persistent heart failure, cardiac transplantation, or death. PPCM is thus a serious cardiac disease that is unique to women. Patten and his colleagues (60) have now uncovered two key insights. First, mechanistic work in mouse models and clinical epidemiological and echocardiographic studies have revealed that PPCM is, in large part, a vascular disease triggered by late-gestational vasculotoxic hormones secreted by the placenta and pituitary during late gestation and the postpartum period. Second, human genetic studies have revealed that a large proportion of women with PPCM carry mutations in the gene TTN, which encodes for titin, a protein critical for sarcomeric function. PPCM is thus a vasculo/hormonal disease, caused in at least a subset of women by underlying genetic predisposition (61).
Critical gaps and research priorities
• What are the fundamental mechanisms underlying differences in heart failure in men and women with diabetes? • What is the cause of female preponderance of heart failure with preserved ejection fraction in women? • What are the short-and long-term impacts of pregnancy on women's cardiac health? • What is the mechanistic relationship between mutations in titin and the hormonal/vascular insult of pregnancy? • How do sex differences in cardiac fuel metabolism influence cardiac function and inform sex-specific interventions for heart failure?
Conclusions
The NIH Office of Research in Women's Health has issued a mandate to close the knowledge gap in women's health and sex/gender research in the basic research as well as in the clinical research arena. In the area of cardiometabolic disease, there is much to be learned to close this gap. Our collective statement described in this article highlights selected ongoing research and, most important, outlines critical research gaps that must be addressed to improve the health of women and the next generation across the life span. 
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